Abstract: A convenient synthesis of alpha-(aziridin-2-yl)-alpha-(trifluoromethyl) alcohols starting with ethyl aziridine-2-carboxylates is reported. Grignard reaction with the corresponding Weinreb amides led to aziridin-2-yl ketones, and subsequent treatment with Ruppert-Prakash reagent gave the trimethylsilylated target compounds as mixtures of diastereoisomers, which were desilylated with TBAF. In the case of ethyl 1-((S)-1-phenylethyl)aziridine-2-carboxylate, (S,S)-and (S,R)-aziridin-2-yl ketones were obtained, separated chromatographically and transformed into the desired enantiomerically pure alphatrifluoromethylated alcohols. 
Fluorinated aziridines are rare, and to the best of our knowledge, trifluoromethylated aziridinyl alcohols are not known to date. The nucleophilic trifluoromethylation with Ruppert-Prakash reagent, i.e., (trifluoromethyl)trimethylsilane (CF 3 SiMe 3 ), is a common procedure for the conversion of α-amino aldehydes and α-amino ketones into β-amino-α-trifluoromethyl alcohols [5] , an important class of fluorinated organic compounds.
Aziridinyl ketones are attractive building blocks, which found diverse applications in the synthesis of aziridinyl-functionalized products, including aziridinyl alcohols [1a] , [6] . However, they have never been explored for the preparation of fluorinated representatives. The goal of the present study was the elaboration of an efficient method for the preparation of α-(aziridin-2-yl)-α-trifluoromethyl alcohols, including enantiomerically pure examples.
Result and discussion
The starting aziridinyl ketones were prepared using aziridine-2-carboxylates 1 [7] , which are easily available via the two-step synthesis outlined in Scheme 1. The second step, leading to the aziridine, comprises the treatment of 2,3-dibromopropanoate with benzylamine and (S)-α-methylbenzylamine, respectively. (1'S,2S)-2b R = Me (96%) [9] (1'S,2R)-2b R = Me (86%) 3a R = H, R' = Me (44%) [10] (
3b R = H, R' = Ph (55%) [8, 11] (1'S,2R)-3e R = Me, R' = Ph (42%) [12] R R 85% Me(MeO)NH HCl .
AlMe 3 , CH 2 Cl 2 Scheme 1. Synthesis of aziridinyl ketones 3.
In both reactions, the required aziridines were obtained in good yields. The diastereoselectivity in the case of the formation of 1b was very low and comparable amounts of (S,S)-and (S,R)-1b were isolated after column chromatography.
In order to convert aziridine-2-carboxylates 1 into the corresponding aziridinyl ketones, they were transformed into their Weinreb amides 2 (Scheme 1) by aminolysis with methoxy(methyl)amine in dichloromethane at 10 °C [1d]. Subsequent reaction of 2 with an appropriate Grignard reagent (MeMgBr, PhMgBr), led to the corresponding aziridinyl ketones 3 [1d] [10] [11] [12] . After column chromatography they were obtained as pure substances in satisfactory yields.
The nucleophilic trifluoromethylation of C=X bonds (X = O, N, S) has extensively been studied and excellent reviews related to this problem appeared in recent two decades showed that the isomeric products 4 differ in polarity and can be separated chromatographically. For example, in the case of the mixture 4c/4c', the fast (major) isomer 4c showed R f = 0.22 and the slow (minor) was detected at R f = 0.10 (developed in CH 2 Cl 2 /pentane (1:4) mixture). Based on this observation, the mixtures of the diastereoisomeric products 4 were separated by column chromatography, and some of them were desilylated by treatment with tetrabutylammonium fluoride (TBAF) in THF solution yielding the non-protected alcohols 5 (Scheme 2). These products decomposed during attempted chromatography on a silica gel column, and distillation under reduced pressure was applied to obtain analytically pure samples.
Scheme 2. Nucleophilic trifluoromethylation of aziridinyl ketones 3 with RuppertPrakash reagent.
The typical protocol for desilylation of trifluoromethylated ethers 4 using aqueous hydrochloric acids [14] could not be applied as aziridine derivatives are known to undergo ring opening reaction upon treatment with strong acids [15] . (1''S,2'S,2S)-4c R = R' = Me (fast) [b] 'fast' relates to the less polar fraction isolated after chromatographic separation on silica gel, and 'slow' relates to the more polar fraction, respectively.
[c] compound was isolated as a minor product contaminated with substantial amounts of appropriate isomer of fast-4
In the IR spectrum of 5c, a characteristic broad absorption of the OH group was observed at 3416 cm -1 . In the 13 C NMR spectrum of 5c, the absorptions of the aziridine C-atoms appeared at 29. Finally, the structure of the aziridinyl alcohol 5c, obtained from the faster moving (TLC) trimethylsilyl-protected precursor 4c, was established by X-ray crystallography (Figure 1 ). The space group permits the compound in the crystal to be enantiomerically pure, but the absolute configuration of the molecule has not been determined. The enantiomer used in the refinement was based on the known (S)-configuration of the α-methylbenzyl substituent at N(1), which had been introduced into the molecule as (S)-α-methylbenzylamine (Scheme 1). On this basis, the configuration of 5c is (S,S,S) [17] .
The hydroxy group forms bifurcated hydrogen bonds. One is an intramolecular interaction with the N-atom forming a loop with a graph set motif [18] of S(5). The other is an intermolecular interaction with the N-atom of a neighbouring molecule, which links pairs of molecules into C 2 -symmetric dimers and can be described by a graph set motif of R 2 , 2 (10). Both interactions considered together form a R 2 , 2 (4) loop. (50% probability ellipsoids; arbitrary numbering of atoms)
Conclusions
The results of this study show that the nucleophilic trifluoromethylation of aziridinyl ketones using the Ruppert-Prakash reagent opens a convenient access to trifluoromethylated aziridinyl alcohols. In the case of aziridinyl ketones bearing the stereochemically defined α-methylbenzyl residue at the N-atom, the trifluoromethylation occurs diastereoselectively, with higher dr values in the case of the phenyl ketones. The obtained trifluoromethylated aziridinyl alcohols and their Osilylated derivatives are potentially useful, new ligands for asymmetric synthesis.
Moreover, due to the usefulness of aziridines in the synthesis of more complex heterocycles [19] , products 4 and 5 can be considered as attractive building blocks for the preparation of fluorinated heterocycles. Aziridinyl carboxylates 1 and the corresponding Weinreb amides 2 were prepared according to the method described in ref.
Experimental part

General information
Materials
[1d]. Benzaldehyde was distilled prior to use.
Solvents used in the study (THF, DME, toluene, and benzene) were dried over sodium, CH 2 Cl 2 over sodium hydride, and freshly distilled prior to use. The aziridine amides 2a,
(S,S)-and (S,R)-2b were prepared according to known procedures [8, 9] .
Reactions of Weinreb amides with Grignard reagents -general procedure
A Weinreb amide 2 (10 mmol) was dissolved in an anhydrous solvent (15 ml) (THF for reactions with MeMgBr or Et 2 O for reactions with PhMgBr) and placed in a three-neck round-bottom flask equipped with a mechanic stirrer. In each reaction, a three-fold molar amount of Grignard reagent was used. The reaction flask was cooled to -78 °C in a cooling bath and subsequently a solution of Grignard reagent was added drop-wise.
After 0.5 h, the cooling bath was removed and the solution was slowly warmed to room and the obtained mixture was extracted with CH 2 Cl 2 (3×15 ml). The organic layers were combined and dried over anhydrous MgSO 4 . After filtration, the solvents were evaporated, and the crude products were purified by microdistillation (external temperature 150-160 °C, p = 0.1 hPa, Kugelrohr).
Spectroscopic data are given for the diastereoisomers of the desilylated products.
1-Benzyl-2-[2,2,2-trifluoro-1-methyl-1-(trimethylsilyloxy)ethyl]aziridine (fast, 4a).
Yield: 75 mg (10%), colorless oil (contaminated by ca. 9% of 4a'). 
2-(1-Benzylaziridin-2-yl)-1,1,1-trifluoropropan-2-ol (5a
1-Benzyl-2-[2,2,2-trifluoro-1-methyl-2-(trimethylsilyloxy)ethyl]aziridine (slow, 4a').
Yield: 121 mg (49%), colorless oil. ( ( ( ( ' ). This compound was isolated as a minor product (ca. 2% yield) contaminated with substantial amounts of 4e and has not been used for desilylation.
2-(1-Benzylaziridin-2-yl)-1,1,1-trifluoropropan-2-ol (5a'). Yield: 110 mg (45%
1"S,2'S,2S)-1-(1-Phenylethyl)-2-[2,1"S,2'S,2S)-2-[1-(1-Phenylethyl)aziridin-2-yl]-1,1,1-trifluoropropan-2-ol (5c1",2'R,1S)-1-[1-(1-Phenylethyl)aziridin-2-yl)-2,1"S,2'R,1R)-1-(1-Phenylethyl)-2-[2,2,2-trifluoro-1-phenyl-1- (trimethylsilyloxy)ethyl]aziridine (slow, 4e
X-Ray crystal-structure determination of 5c
All measurements were performed on a Nonius KappaCCD area-detector diffractometer [20] using graphite-monochromated MoK α radiation (λ 0.71073 Å) and an Oxford
Cryosystems Cryostream 700 cooler. The data collection and refinement parameters are given below [21] and a view of the molecule is shown in Figure 1 . Data reduction was performed with HKL Denzo and Scalepack [22] . The intensities were corrected for Lorentz and polarization effects, but not for absorption. Equivalent reflections were merged. The structure was solved by direct methods using SHELXS97 [23] , which revealed the positions of all non-H-atoms. The non-H-atoms were refined anisotropically. The hydroxy H-atom was placed in the position indicated by a difference electron density map and its position was allowed to refine together with an isotropic displacement parameter. All remaining H-atoms were placed in geometrically calculated positions and refined by using a riding model where each H-atom was assigned a fixed isotropic displacement parameter with a value equal to 1.2U eq of its parent C-atom (1.5U eq for the methyl groups). The refinement of the structure was carried out on F 2 using full-matrix least-squares procedures, which minimized the function Σw(F o 2 -F c 2 ) 2 . A correction for secondary extinction was applied. One reflection, whose intensity was considered to be an extreme outlier, was omitted from the final refinement. Neutral atom scattering factors for non-H-atoms were taken from ref. [24] , and the scattering factors for H-atoms were taken from ref. [25] Anomalous dispersion effects were included in F c [26] ; the values for f' and f" were those of ref. [27] . The values of the mass attenuation coefficients are those of ref. [28] . All calculations were performed using the SHELXL97 [23] program.
Crystal data for 5c: C 13 H 16 
